Resveratrol derivatives containing a primary amine functional group were synthesized by an introduction of N-Boc-bromoethylamine to resveratrol using Williamson ether synthesis and subsequent deprotection of the Boc group with trifluoroacetic acid. After conjugation of fluorescent NBD-F or rhodamine B with isothiocyanate (Rhd B-ITC) using the amine group, resveratrols modified with NBD or Rhd B (Resveratrol-NBD and Resveratrol-Rhd B, respectively) were successfully obtained.
Resveratrol (compound 1) is a natural polyphenol containing a stilbene functional group in its molecular framework and it is found in fruits, such as grapes, berries, peanuts, and some medicinal plants. Resveratrol is known to inhibit the formation of reactive oxygen species to control intracellular redox balance and exhibit relevant biological activities such as anticarcinogenic, anti-inflammatory, and anti-aging activities. [1] [2] [3] [4] More recently, anti-amyloid effects 5 and antimicrobial effects 6 of resveratrol derivatives have also been revealed. The biological activities of resveratrol can be further improved by chemical modification of the phenolic hydroxyl groups. For example, pterostilbene which is a methylated resveratrol derivative exhibits high cardioproteiction effects. 7 Moreover, glycosylated resveratrol, the so-called piceid, shows much higher tyrosinase inhibitory activity than resveratrol. 8 For further applications of these relevant biological activities of resveratrol, chemical modifications of the phenolic hydroxyl groups would be a promising way because of high flexibility in molecular designs. Although biotransformations of resveratrol such as glycosylation by plant culture cells have been reported so far, 6 synthetic strategies for chemical modification of resveratrol have not been well studied. Primary amine is a useful functionality that reacts quantitatively under mild conditions with various functional groups such as electron-deficient aromatic groups or isothiocyanate functionalities. 9 To functionalize protein surface with amine functionalities, a lot of amine-reactive molecules including fluorescent probes are commercially available. Here, we report a versatile route via a primary amine to chemically synthesize resveratrol derivatives allowing for modifications of various molecules. This modification was completed just in 3 synthetic steps, and in the present work, we introduced fluorescent NBD-F and rhodamine B with isothiocyanate (Rhd B-ITC) using the primary amine generated at the second step to obtain fluorescently labeled resveratrols (Resveratrol-NBD and Resveratrol-Rhd B, respectively). Figure 1 shows the synthetic route to obtain Resveratrol-NBD and Resveratrol-Rhd B. As a first step, resveratrol was coupled with N-Boc-bromoethylamine by Williamson ether synthesis in DMF solvent containing potassium carbonate. After an incubation of the mixture at 50°C for 2 days, the solvent and potassium carbonate were removed by a separation operation. The reaction proceeded properly as confirmed by TLC. The resulting compounds were purified by silica gel column chromatography although the mixture contained 2 regioisomers (compounds 2 and 3), where N-Boc-bromoethylamine reacted with different hydroxyl groups of resveratrol. As the second step, the Boc protecting group was deprotected by trifluoroacetic acid (TFA) in EtOAc. The reaction proceeded quickly and we could obtain Resveratrol-NH 2 •HCl (compounds 4 and 5) after a separation.
As a final step, the Resveratrol-NH 2 •HCl was allowed to react with NBD-F in an aqueous solution to give NBD-labeled resveratrol (Resveratrol-NBD; compounds 6 and 7) (Figure 2(b) ). The primary amine would enable to functionalize a variety of amine-reactive groups to resveratrol. In fact, Rhd B-ITC which is a representative amine-reactive functional group also successfully reacted with Resveratrol-NH 2 forming rhodamine B-labeled resveratrol (Resveratrol-Rhd B; compounds 8 and 9) (Figure 2(c) ).
Here, we described a versatile synthetic route for chemical modifications of resveratrol via a primary amine functional group. Conjugation of fluorescent NBD-F or Rhd B-ITC molecule to the primary amine allows for fluorescent-labeled resveratrols. The synthetic route in this study enables chemical modifications not only in resveratrol but also in various stilbene skeletons, suggesting wide applicability of stilbene compounds. For example, we have reported biotransformation of stilbene compounds using plant culture cells. 10 It would be interesting to see if even chemically modified resveratrol could be converted to glycosylated resveratrol by the plant culture cells because it would enable to produce a variety of water-soluble resveratrol derivatives. The research on the subject is under investigation.
Experimental
General 1 H NMR spectra were recorded on a Bruker type Ascend-600 spectrometer. Matrix-assisted laser desorption ionization timeof-flight (MALDI-TOF) mass spectra were recorded on a Bruker type autoflex speed spectrometer. Resveratrol, NBD-F, were purchased from TCI. Rhodamine B with isothiocyanate was purchased from Aldrich.
Synthesis
To a DMF (10 mL) solution of a mixture of resveratrol (600 mg, 2.6 mmol) and K 2 CO 3 (726 mg, 5.2 mmol), N-Bocbromoethylamine (583 mg, 2.6 mmol) was added, and the mixture was stirred under argon atmosphere at 50°C for 2 days. Then, the resultant mixture was extracted with EtOAc. The organic extract was evaporated to dryness under reduced pressure, and chromatographed on silica gel to allow the isolation of compounds 2 and 3 in 53% yield (519 mg). The resulting compounds 2 and 3 (259 mg, 77.6 mmol), dissolved in EtOAc, were treated with an excess of TFA, and the mixture was stirred overnight at room temperature. Then, aqueous solution of NaHCO 3 was slowly added to the reaction mixture, and the resultant mixture was extracted with EtOAc. The extract was evaporated to dryness under reduced pressure, and the counter ion was exchanged by chloride ion by adding HCl in dioxane and subsequently evaporated to obtain Resveratrol-NH 2 (compounds 4 and 5) in 17% yield (32 mg). 1 To a H 2 O/THF (5 mL) solution of Resveratrol-NH 2 •HCl (compounds 4 and 5; 10.0 mg, 32.5 μmol) and NBD-F (13.5 mg, 65.0 μmol), lithium hydroxide (LiOH; 1.7 mg, 35.7 μmol) was added, and the mixture was stirred overnight at room temperature. Precipitate formed through the reaction was centrifuged and washed with water to obtain Resveratrol-NBD (compounds 6 and 7) in 38% yield (5.3 mg). 1 The mixture of Resveratrol-NH 2 •HCl (compounds 4 and 5; 3.0 mg, 9.7 μmol) was precipitated in aqueous solution containing NaOH (100 mM). The precipitate was dissolved in DMF (4 mL), and subsequently, Rhd B-ITC (3.0 mg, 5.6 μmol) was added. After the mixture was stirred overnight at room temperature, the reaction mixture was slowly added to EtOAc. The precipitate thus formed was washed with water to obtain Resveratrol-Rhd B (compounds 8 and 9) in 30% yield (2.4 mg). 
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